Abstract. The present study aimed to compare gene expression profiles between colorectal cancer and adjacent normal tissues, and to perform a preliminarily analysis of the key genes and underlying molecular mechanisms implicated in colorectal cancer development. Gene expression microarray chips were used to screen genes that were differently expressed between colorectal cancer and adjacent normal tissues. Approximately 1,183 genes were differentially expressed in cancer tissues compared with adjacent normal tissues (P≤0.05; fold difference, >2.0), of which 570 genes were upregulated and 613 genes were downregulated. In total, 6 upregulated genes, including keratin 23, collagen type X α1, collagen type XI α1, cell migration-inducing hyaluronan-binding protein, transforming growth factor-β1 and V-Myc avian myelocytomatosis viral oncogene homolog, and 2 downregulated genes, including channel α subunit 7 and EPH receptor A7, were selected and validated using reverse transcription-quantitative polymerase chain reaction, which exhibited results that were consistent with the microarray analysis. These 1,183 differentially expressed genes were further classified into 71 groups based on their functions using gene ontology and pathway analyses. Kyoto Encyclopedia of Genes and Genomes analysis of these upregulated or downregulated genes suggested that 23 signaling pathways were involved. The present study preliminarily screened for and identified key genes and signaling pathways that may be closely associated with colorectal cancer development. However, subsequent gene function studies are required to verify these findings.
Introduction
Colorectal cancer (CRC) is a common gastrointestinal cancer and its global incidence is outranked only by gastric and esophageal cancers (1) . There were ~14.1 million new cases of cancer globally in 2012, of which CRC accounted for 1.4 million and in China, was surpassed only by lung and breast cancers (2) . In China, the incidence of CRC and its mortality rate have been ranked third and fourth, respectively among malignant tumors (3) . Studies have demonstrated that China's annual incidence of CRC increases twice as fast compared with the global average (3, 4) . In Shanghai, Beijing and Guangzhou, the incidence of colorectal cancer is 40/100,000 individuals (5); and a previous CRC survey program in Wuhan, Hubei province has reported a high incidence of 90/100,000 individuals, which is twice that of the national average (6) . According to the National Bowel Cancer Screening Programme, whose aim was to reduce the incidence of symptomatic CRC, the majority of patients present with symptoms to their general practitioner (7) (8) (9) ). An isolated symptom may be associated with CRC, but typically symptoms were observed in clusters. In total ≥1 high-risk symptoms are seen in ~85% of patients with CRC, who were referred to secondary care (10) . However, symptoms for disease may be biased to a certain extent by 'selection phenomena', and this is the case to CRC (11) . When performing diagnostic research in secondary care, this bias is not always considered (12) . Additionally, the primary symptoms in the primary care setting may differ amongst the community and the hospital practice (11) . Despite this being investigated by previous studies (12, 13) , no significant molecular markers with a certain levels of efficacy or specificity for the early diagnosis of CRC have been identified. Therefore, further studies focusing on the molecular mechanisms of CRC development are imperative to identify molecular markers for the early detection of CRC and to develop individualized therapy, which would in turn improve the survival rate of patients with CRC. Based on high-throughput microarray technology, the present study aimed to identify potential key molecules as biomarkers in colorectal cancer development.
tissues and adjacent normal tissues were isolated intraoperatively, then immediately placed into prepared cryogenic vials, and frozen in liquid nitrogen within 5 min to avoid RNA degradation. The selection criteria of the case were: Diagnosis of colorectal cancer by postoperative pathological examination; and no preoperative radiotherapy, chemotherapy or other antitumor therapy. The present study was approved by Zhongnan Hospital of Wuhan University (approval no. 2010017), and written informed consent was obtained from all participants. The study was conducted in compliance with the Declaration of Helsinki.
Microarray chips. Affymetrix Human U133 Plus 2.0 chips (Shanghai Biotechnology Corporation, Shanghai, China) were used, which consisted of 47,000 transcripts, representing 38,500 known human genes.
Tissue RNA extraction, purification and quality control. Total RNA was isolated from the colorectal cancer and normal adjacent tissues using TRIzol (cat. no. 15596-026; Thermo Fisher Scientific, Inc., Waltham, MA, USA) by a 1-step extraction procedure, and the quality of the RNA was then examined using the Agilent Bioanalyzer 2100 (Agilent Technologies, Inc., Santa Clara, CA, USA) to perform electrophoresis. The acceptable quality threshold was set as an RNA integrity number (RIN) of ≥7.0 and a 28S/18S ribosomal RNA (rRNA) ratio of >0.7. To avoid a reduction in RNA purity, which may affect hybridization to the probe, total RNA was purified using the RNeasy Micro kit (cat. no. 74004; Qiagen GmbH, Hilden, Germany) and RNase-Free DNase set (cat. no. 79254; Qiagen GmbH), according to the manufacturer's protocol (the RNeasy Mini Protocol for RNA Cleanup; Qiagen GmbH).
Microarray assay. The purified total RNA sample was amplified and labeled using an Affymetrix microarray accessory GeneChip ® 3'IVT Express kit (Affymetrix, Inc., Santa Clara, CA, USA) to obtain biotin-labeled complementary RNA. The labeling efficiency and quality monitoring were performed by determination of fluorescent labeling efficiency to ensure the reliability of the subsequent microarray assay results. With the supporting standard process for hybridization and GeneChip ® Hybridization, Wash and Stain kits (Affymetrix, Inc.) were provided along with the aforementioned Affymetrix microarray chips. Hybridization was conducted in a GeneChip ® Hybridization Oven 645 (Affymetrix, Inc.) at 45˚C for 16 h. Subsequent to hybridization, the Fluidics Station 450 (Affymetrix, Inc.) was used to wash the chips in accordance with the manufacturer's protocol. Microarray results were scanned using the GeneChip ® Scanner 3000 (Affymetrix, Inc.). Raw data were read using Command Console Software 3.1 (Affymetrix, Inc.) and qualified data were normalized using Gene Spring Software 11.0 (Agilent Technologies, Inc.). The algorithm used was MAS 5.0 (14) . By analyzing and comparing the data in adjacent tissues and paired normal tissues, candidate marker genes associated with the occurrence of colorectal cancer were identified.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) to validate the microarray results. The top 4 upregulated genes, including keratin 23 (KRT23), collagen type X α1 (COL10A1), collagen type XI α1 (COL11A1) and cell migration-inducing hyaluronan-binding protein (KIAA1199), and the top 2 downregulated genes, including sodium voltage-gated channel α subunit 7 (SCN7A) and EPH receptor A7 (EPHA7), were selected for RT-qPCR validation. Transforming growth factor β1 (TGFB1) and V-Myc avian myelocytomatosis viral oncogene homolog (MYC), which are established upregulated genes that demonstrate a clear association with cancer development (15) , were used as positive controls. The basic information of the genes selected for qPCR validation is summarized in Table I . To synthesize first strand cDNA, the RNA was removed from storage in an -80˚C freezer and thawed at 4˚C. A reaction system (20 µl) was then prepared using 4-µl 5X reaction buffer, 1-µl RiboLock™ RNase Inhibitor (Thermo Fisher Scientific, Inc.), 1-µl RevertAid™ M-Mu1 V Reverse Transcriptase (200 U/µl; Thermo Fisher Scientific, Inc.), 2-µl 10 mM dNTP mix, 1-µl Oligo deoxy-thymidine 18, and 2-µg RNA template; this was made up to 20 µl with water. The PCR tubes were incubated at 42˚C for 60 min, denatured at 70˚C for 5 min and stored at -20˚C. Based on gene sequences in the Genebank database (https://www.ncbi.nlm.nih.gov/genbank/), primers were designed using Primer Premier 5.0 software (Premier Biosoft International, Palo Alto, CA, USA). Primers were synthesized by Shanghai Shenggong Biology Engineering Technology Service, Ltd. (Shanghai, China), and β-actin was used as an internal reference gene. Primer information is available in Table II . In total, 5-µl 2X SYBR-Green PCR buffer (Applied Biosystems; Thermo Fisher Scientific, Inc.), 0.2-µl forward primer (10 µmol), 0.2-µl reverse primer (10 µmol) and 5-ng template were used for qPCR, and these were then made up to 10 µl with water. The PCR cycling conditions were as follows: Incubation at 50˚C for 2 min, then 95˚C for 10 min, followed by 40 cycles at 95˚C for 15 sec and finally at 60˚C for 1 min. The ABI 7900 HT Sequence Detection System was used for ) was used to analyze the data. The relative amount of the target gene in each sample was calculated using the 2 -ΔΔCq method (16) . The final results were generated from the data of two independent experiments.
Statistical analysis. Data analysis involved statistical analysis of microarray data and differentially expressed genes, cluster analysis, and gene ontology (GO) and pathway analysis. Microarray data analysis was performed using SAM 4.0 software (Stanford University, Stanford, CA, USA). Fold-changes (FC) of >2.0 or <0.5 (i.e., subsequent to calculation, genes with FC >2 were screened out) and P≤0.05 were used as the criteria for selection of significant differentially expressed genes. In total ~1,183 genes that were differently expressed between cancer and adjacent cancer tissues were clustered using the unsupervised hierarchical clustering method in Cluster software (17) to generate clustering heat-maps in Treeview software (18) . The heat-maps were then used to identify gene expression patterns associated with the samples. Based on GO (http://geneontology. org/page/go-database) and Kyoto Encyclopedia of Genes and Genomes (KEGG) database (http://www.genome.jp/kegg/) resources, differentially expressed genes were subjected to GO and pathway analyses using an enriched P-value algorithm, the R-package Fisher's exact test. P<0.05 was considered to indicate a statistically significant difference.
Results

Baseline and demographic characteristics of patients.
All 6 patients met the selection criteria; they consisted of 5 patients with colon cancer and 1 patient with rectal cancer (Table III) . There were 4 male and 2 female patients. Each sample was assigned a hospitalization number, of which the middle 2 digits were concealed.
Quality control results of 12 RNA samples. The quality of the extracted total RNA was examined by Agilent Bioanalyzer 2100-mediated electrophoresis (Fig. 1) . All of the samples exhibited RIN values of ≥7.0 and 28S/18S rRNA ratios of >0.7, indicating the RNA samples met the acceptable threshold.
Differentially expressed genes in colorectal cancer and adjacent cancer tissues. By comparing gene expression profiles of colorectal cancer and adjacent normal tissues, 1-class capabilities in SAM software filtered out 3,680 differentially expressed genes (P≤0.05), of which 2,043 genes were upregulated and 1,637 genes were downregulated in cancer tissues compared with normal tissues. To further screen for genes that showed significant differences in their expression, a FC of >2.0 or <0.5 was added as the standard to perform a second screen, which ultimately identified 1,183 differentially expressed genes, including 570 genes upregulated and 613 genes downregulated in cancer tissues compared with normal tissues. The raw chip data were standardized and log2-transformed, which gave rise to a scatter plot of the 1,183 differentially expressed genes (Fig. 2) . A diagram of each point (representing the probe point on the chip) was generated, wherein the x-axis represents the data of carcinoma tissues and y-axis represents the data of the adjacent normal tissues. In Fig. 2 , points falling outside of the 45˚ median lines represent probe signal values where the average FC was either >2.0 or <0.5.
Validation of microarray results by RT-qPCR.
Data obtained from microarray assays contain a fluorescent signal intensity of numerous noise points and missing values, causing a certain proportion of false positive and false negative results (19) . Therefore, in order to verify the accuracy of the gene expression prolife chips, RT-qPCR analysis of the same samples was performed to evaluate the data quality of the microarray. The top 4 upregulated genes (KRT23, COL10A1, COL11A1 and KIAA1199) and the top 2 downregulated genes (SCN7A and EPHA7) in cancer tissues were selected for RT-qPCR validation. TGFBI and MYC, which are known upregulated genes in cancer tissues, were used as positive controls. As shown in Fig. 3 , the results of the RT-qPCR were consistent with the microarray assay; genes that were upregulated in colorectal cancer tissues in the microarray results also showed upregulated expression in the RT-qPCR, while genes that were downregulated in the microarray results also showed downregulated expression in RT-qPCR. Therefore, it is considered that these 8 genes were differentially expressed between colorectal cancer and adjacent normal tissues. Clustering, GO and pathway analysis of the differentially expressed genes. As exhibited in the clustered heat-map of the microarray analysis (Fig. 4) , the 1,183 differentially expressed genes between cancer and adjacent normal tissues were divided into 2 groups using Clustering analysis. In Fig. 4 , the abscissa represents the 1,183 differentially expressed genes, whereas the ordinate represent the 6 samples each of cancer and adjacent normal tissues from the bottom to the top. The red represents upregulated genes, whilst green represents downregulated genes; genes that exhibited no difference are shown in black. GO analysis of the differentially expressed genes between the two groups of samples was performed to gain a preliminary understanding of the main biological functions. First, based on the GO database, the functions of these 1,183 differentially expressed genes were annotated, followed by calculation of the P-value and false discovery rate (FDR) for each GO term using Fisher's exact and χ 2 tests. Finally, according to the screening criteria of P≤0.05 and FDR ≤5%, GO analysis results were obtained (Fig. 5A and B) . As shown in the figure, according to the functions, the upregulated genes were divided into 51 categories, and the top 5 enriched GO function entries were: i) Anatomical structure development (99 genes); ii) response to external stimulus (50 genes); iii) multicellular organismal development (102 genes); iv) cell adhesion (38 genes); and v) anatomical structure morphogenesis (54 genes). The downregulated genes were divided into 20 categories, and the top 5 enriched GO entries were: i) Cellular developmental process (10 genes); ii) multicellular organismal development (18 genes); iii) anatomical structure development (13 genes); iv) regulation of biological quality (13 genes); and v) extracellular structure organization (5 genes).
A similar result was observed ( Fig. 5C and D) using the KEGG database, wherein differentially expressed genes were annotated with functions to obtain all involved pathways. The P-value and FDR for each enriched KEGG term were calculated using Fisher's exact and χ 2 tests, respectively. Subsequent to screening with the criteria of P≤0.05 and FDR ≤5%, 16 signaling pathways were shown to be associated with the upregulated genes, and the top 5 significantly enriched pathways were: i) Extracellular matrix (ECM)-receptor interaction (70 genes); ii) pathways in cancer (99 genes); iii) focal adhesion (86 genes); iv) cytokine-cytokine receptor interaction (56 genes); and v) bladder cancer (14 genes). The downregulated genes were involved in 7 signal transduction pathways, and the top 5 pathways were: i) Axon guidance (10 genes); ii) cell adhesion molecules (8 genes); iii) vascular smooth muscle contraction (7 genes); iv) calcium signaling pathway (9 genes); and v) butanoate metabolism (4 genes). Table IV summarizes the genes and pathways associated with colorectal cancer, as filtered out by the KEGG analysis.
Discussion
Colorectal cancer is one of the most common types of malignant tumors, and its incidence has shown an increasing trend in recent years. The 2012 Annual Report of Cancer Registration in China released by the National Cancer Registry Center (20) shows that the growth rate of the incidence of colorectal cancer in Zhejiang, Shanghai and Jiangsu far exceeded that in Western countries. In Shanghai, the latest cancer surveillance data show that, from the early 1970s to date, the ranking of colorectal cancer has risen from sixth to second among common malignant tumors, with an increase of ~5 times (21) . In the 2013 Ninth Shanghai International Forum of Colorectal Cancer, Professor Qin Xinyu, from Zhongshan Hospital of Fudan University revealed that the epidemiological trend in colorectal cancer in China in the past 20 years has shown a novel change from low-incidence disease to high-incidence disease and the absolute number of morbidity and fatality has exceeded that in the USA in previous years, with a high proportion of young patients (22) . The average age of colorectal cancer onset in China is now equal to developed countries. However, similar to numerous other typical gastrointestinal cancers, colorectal cancer has a long time of progression, generally 8 to 10 years, which provides sufficient time for detection and treatment. Through active prevention, early diagnosis, and effective treatment, it is possible to cure this lethal disease (23) . Therefore, early detection and diagnosis of colorectal cancer may fundamentally change the outcome of colorectal cancer patients.
cDNA microarrays are a high-throughput, integrated and emerging inspection technology that have been used for investigations at the genomic, transcriptomic and epigenetic levels. In the present study, Human Genome U133 Plus 2.0 Array chips were used to compare 6 pairs of gene expression profiles from colorectal cancer and adjacent normal tissues. In total, 1,183 genes, including 570 that were upregulated and 613 that were downregulated, were identified to be differentially expressed between these two groups. Subsequently, 4 genes that were upregulated (KRT23, COL10A1, COL11A1 and KIAA1199) and 2 genes that were downregulated (SCN7A and EPHA7) in all 6 patients with carcinoma were selected for validation by RT-qPCR. TGFBI and MYC, which are known to be upregulated in cancers (15) , served as positive controls. The RT-qPCR results were consistent with the microarray results, which demonstrated the reliability of the microarray results. Cluster analysis is one of the commonly used methods in microarray data mining. By calculating the similarities of the data, the unsupervised data obtained from microarrays were classified to cluster similar data. It has been demonstrated (24) theoretically that genes that are classified into one cluster potentially have similar or associated functions; thus, the functions of unknown genes may be deduced by functional association. The heat-map of the cluster analysis in the present study suggested that the expression patterns of the first 6 samples were different from the other 6 samples. The two types of expression patterns among these 12 samples represented two types of samples: The cancer tissues and adjacent normal tissues. These results suggested that the cancer tissues and adjunct normal tissues had different gene expression patterns. Using cDNA microarrays, 1,183 differentially expressed genes were identified between the cancer and normal tissues, which may lay the foundation for subsequent analysis in future studies.
By GO analysis, the upregulated genes were divided into 51 categories, and the downregulated genes were classified into 20 categories, according to different functions. Through KEGG pathway analysis, the upregulated genes were associated with 16 signal transduction pathways and the downregulated genes were associated with 7 signal transduction pathways; these included pathways that are known to be directly associated with the development of colorectal cancer or other cancers, such as ECM-receptor interaction. ECM-receptor interaction was identified to be significantly activated in patients with meningioma (25) . Other key pathways that regulate cell adhesion, migration, proliferation and survival were downregulated, and have been associated with numerous tumors, including breast and thyroid carcinoma (26) . The p53 signaling pathway was demonstrated to serve a pivotal role by forming a complex with its target genes to suppress tumorigenesis (27) , and the Wnt signaling pathway, which is a complex network of protein-protein interactions and a major pathway involved in cancer development and embryogenesis, have been reported to be abnormally regulated in a variety of tumors (28) (29) (30) (31) . Amongst the pathways associated with the differentially expressed genes in the present study, 6 genes identified to have previously been directly associated with colorectal cancer: T-cell-specific transcription factor 1 (TCF7) (32), cyclin D1 (CCND1) (33), tyrosin-protein kinase met (MET) (34) , lymphoid enhancer binding factor 1 (LEF1) (35), axin 2 (AXIN2) (36) and MYC (37) . TCF7, CCND1, LEF1, AXIN2 and MYC were all associated with the Wnt signaling pathway. TCF7 and LEF1 regulate transcription initiation by forming a coactivating complex with nuclear β-catenin. P53 and the nuclear receptor family may inhibit the Wnt signaling pathway by regulating TCF7/LEF1 activation or repression (38) . AXIN2 (39) and MYC (40) are the targets in the classic Wnt signaling pathway, which modulates the stability of β-catenin to regulate cell proliferation and differentiation. CCND1 and MET are the receptors for the hepatocyte growth factor (HGF); the activation of HGF results in the phosphorylation of two MET-adjacent tyrosine residues, which in turn activates multiple signaling pathways, thereby promoting cell division, angiogenesis, tumor cell invasion and metastasis (41, 42) . CCND1 is a key factor in the regulation of the cell cycle, and its overexpression shortens the G1/S phase, such that cells produce less growth-dependent cytokines, which in turn affects tumor occurrence, development and prognosis (43) .
With the current popularity of gene chip technology and rapid development of bioinformatics, more studies are exploring tumor-associated gene signaling pathways. Key gene effectors and signaling pathways involved in the occurrence and development of colorectal cancer have gradually been revealed (44) (45) (46) . In the present study, a cDNA microarray analysis was performed to screen for genes that were differentially expressed between colorectal cancer and adjacent normal tissues. A KEGG analysis revealed 6 overlapping genes amongst numerous signaling pathways, which have been implicated in the development of a variety of tumors, were also significantly enriched in colorectal cancer tissues. These 6 genes, which have been closely associated with the development of colorectal cancer, were involved in the regulation of the cell cycle, adhesion, metabolism, proliferation and differentiation; thus, their dysregulation may be involved in the process of tumor development. Further research on these genes and the implicated signaling pathways may shed new light on the pathogenesis of colorectal cancer.
